Solitary fibrous tumor is a mesenchymal neoplasm exhibiting a broad spectrum of biological behavior and harboring the NAB2-STAT6 fusion. Clinicopathologic parameters are currently used in risk-prediction models for solitary fibrous tumor, but the molecular determinants of malignancy in solitary fibrous tumors remain unknown. We proposed that the activation of telomere maintenance pathways confers a perpetual malignant phenotype to these tumors. Therefore, we investigated telomerase reverse transcriptase (TERT) reactivation induced by promoter mutations as a potential molecular mechanism for aggressive clinical behavior in solitary fibrous tumor. The retrospective study included tumor samples from 94 patients with solitary fibrous tumor (31 thoracic and 63 extra-thoracic). Follow-up information was available for 68 patients (median, 46 months). TERT promoter mutation analysis was performed by PCR and Sanger sequencing, and TERT mRNA expression was assessed by real-time quantitative reverse transcription PCR. Patients were stratified into clinicopathologic subgroups (highrisk (n = 20), moderate-risk (n = 28), and low-risk (n = 46)) according to the risk-stratification model proposed by Demicco et al. TERT promoter mutations were identified in 26 of 94 (28%) solitary fibrous tumors: -124C4T in 23 tumors (88%), -124C4A in 1 tumor (4%), and -146C4T in 2 tumors (8%). Real-time quantitative reverse transcription PCR revealed that TERT mRNA expression was higher in all solitary fibrous tumors with the mutant TERT promoter than those with the wild-type TERT promoter. TERT promoter mutations were strongly associated with high-risk clinicopathologic characteristics and outcome. An adverse event (relapse, death) occurred in 16 of 68 (24%) patients, 12 with solitary fibrous tumors with TERT promoter mutations and 4 with the wild-type TERT promoter. TERT promoter mutations were strongly associated with older age (P = 0.006), larger tumor size (P = 0.000002), higher risk classifications (P = 2.9 × 10 − 9 ), and a worse event-free survival (P = 0.0082). Thus, TERT promoter mutations in solitary fibrous tumor influence gene expression and are associated with adverse patient outcome. Integrating TERT promoter mutational status with existing multivariable risk-prediction models might improve risk prediction in patients with solitary fibrous tumor.
Solitary fibrous tumor is a rare mesenchymal neoplasm of fibroblastic origin that can occur at any anatomic site. Solitary fibrous tumor occurs primarily in adults and exhibits a wide spectrum of morphologic features and biologic behavior. 1 The classical solitary fibrous tumor consists of fibroblast-like tumor cells arranged in a 'patternless' pattern in a collagenous stroma with staghorn, hyalinized blood vessels, and diffuse CD34 expression. [1] [2] [3] Unconventional subtypes showing distinct morphologic features, such as the lipomatous, myxoid, or dedifferentiated variants, have also been described. 1, [4] [5] [6] According to the 2013 World Health Organization classification of soft tissue tumors, solitary fibrous tumor is defined as an intermediate (rarely metastasizing) tumor. 1 Most solitary fibrous tumors follow a favorable course, but 10-20% of tumors recur or metastasize. [7] [8] [9] [10] Although most of the clinically aggressive solitary fibrous tumors are histologically malignant, a definitive correlation between morphology and behavior has not been established and the clinical course can be unpredictable. 2, 7, [9] [10] [11] [12] In multivariate analyses that included several clinical and histological parameters such as increased mitotic activity, hypercellularity, nuclear atypia, and pleomorphism, the most reliable prognostic indicators for solitary fibrous tumor were patient age, tumor size, and mitotic activity. 8, 13 To date, however, genetic changes underlying the clinicopathologic determinants of outcome have not been determined.
Next-generation sequencing studies have recently identified that the NAB2-STAT6 fusion genes, with highly variable breakpoints derived from an intrachromosomal inversion at chromosome 12q13, are the genetic hallmark and the putative driver oncogene of solitary fibrous tumor. 14,15 NAB2-STAT6 chimeric transcripts have been identified in both histologically benign and malignant solitary fibrous tumors at every anatomic site, which supports the concept of a unified biologic entity for these tumors despite their clinicopathologic heterogeneity. [14] [15] [16] [17] The variation of breakpoints in fusion genes is thought to contribute to the morphologic diversity of solitary fibrous tumors, and in some studies the fusion variants have been associated with certain clinicopathologic features. [18] [19] [20] [21] However, the genetic alteration underpinning the malignant behavior in a subset of patients with solitary fibrous tumor has not yet been identified.
Telomeres are repetitive stretches of DNA at the ends of chromosomes that stabilize the integrity of the genome by protecting the chromosome ends from degradation and end-to-end fusions. 22 Each time a cell divides, a portion of telomeres is lost until telomeres shorten below a critical point, which results in cell death or replicative senescence. 23 Cancer cells have the ability to overcome telomere shortening mainly through the activity of telomerase, whose active protein component is encoded by the telomerase reverse transcriptase (TERT) gene. 24 TERT is normally active in fetal tissue and stem cells and physiologically silenced in terminally differentiated somatic cells. 25 In 85-90% of cancers, TERT is upregulated again, which enables immortalization and promotes cancer progression. 26 Transcriptional activating point mutations in the core promoter of the TERT gene have recently been recognized as a mechanism for TERT reactivation in cancer. 27, 28 These mutations were first discovered in melanoma 27, 28 and subsequently in several other cancer types. 29, 30 TERT promoter mutations contribute to the upregulation of TERT expression by creating de novo-binding motifs for the ETS transcription factors, 27, 30 including the multimeric GA-binding protein transcription factor that is specifically recruited to the binding sites. 31 TERT promoter mutations are highly recurrent in myxoid liposarcoma but relatively rare in other soft tissue sarcomas. [32] [33] [34] In some soft tissue sarcomas, telomere maintenance is more commonly regulated by alternative lengthening of telomeres than by TERT reactivation. 35 TERT promoter mutations, however, have also been reported in a subset of solitary fibrous tumors, more frequently in meningeal tumors 36 and less commonly in extracranial tumors. 21, 33, 37 In a recent study on biologically indeterminate spitzoid melanocytic neoplasms, we found that the presence of TERT promoter mutations predicted a highly aggressive form of spitzoid tumors with metastatic potential. 38 Given the important role of telomerase in cancer development, coupled with the identification of TERT promoter mutations in a subset of solitary fibrous tumors in previous studies, 21, 33, 37 we proposed that these mutations might be responsible for the clinically malignant behavior exhibited by a subset of solitary fibrous tumors. Therefore, we studied tumor samples from a large cohort of patients with solitary fibrous tumors across the entire biologic spectrum to determine the prevalence of TERT promoter mutations and their association with TERT mRNA expression, clinicopathologic parameters, and patient outcome.
Materials and methods
This retrospective study was approved by the institutional review boards of participating institutions. From one of the authors' (CDF) consultation files and the pathology archives at the participating institutions, 96 patients with solitary fibrous tumor for whom sufficient material was available for analysis were identified. Cases were identified during variable periods across the participating institutions. The diagnostic period for the entire cohort spanned from 2004 to 2012. Each case was reviewed by at least two of the pathologists who participated in this study, and only cases for which consensus was obtained were included for analysis. Samples from two patients were excluded from analysis: DNA could not be detected in one sample and the primary tumor was not available for analysis in the other case. Clinical and follow-up data were retrospectively collected from institutional medical records or obtained from referring pathologists (see Acknowledgments). Hematoxylin and eosin-stained sections were reviewed and the following histologic features were documented: mitotic rate (number of mitotic figures per 10 high-power fields (HPFs)), presence of histologic features suggestive of malignancy (high cellularity, increased mitotic activity, pronounced nuclear atypia, and necrosis), dedifferentiated areas (defined as morphologically distinct, sharply demarcated sarcoma-like areas, often CD34-negative, within conventional solitary fibrous tumors), atypical features (foci of hypercellularity and nuclear pleomorphism), cellular features, and special variants (eg, lipomatous and myxoid). 1, 4, 6 For risk stratification of patients, the three-tiered assessment model proposed by Demicco et al. was used, which takes into account patient age, tumor size and mitotic rate. 8 The total score for each patient was tabulated by using age (o55 years vs ≥ 55 years), tumor size (o5 cm, 5-o10 cm, 10-o15 cm, or ≥ 15 cm), and mitotic figures (0, 1-3 mitotic figures per 10 HPFs, or ≥ 4 mitotic figures per 10 HPFs), and the patients were assigned to the low-, moderate-, and high-risk categories.
Immunohistochemical Analysis
Antibodies specific to CD34 (QBEnd-10; Ventana Medical Systems), STAT6 (S-20, SC-621; Santa Cruz Biotechnology, Inc.), and p53 (DO-7; Zeta Corporation) were applied on sections of formalin-fixed paraffin-embedded tissue (4 μm) by using the BenchMark ULTRA automated staining platform (Ventana Medical Systems/Roche). Immunohistochemical studies were performed according to the manufacturer's instructions for antigen retrieval and detection conditions by using the iVIEW or ultraView DAB detection kit (Ventana Medical Systems/Roche). The nuclear expression of p53 in solitary fibrous tumor samples was scored on the basis of the percentage of tumor cells with strong or moderate staining intensity as follows: negative (0% of cells stained), 1+ (rare to 25% of cells stained), 2+ (26% to 50% of cells stained), 3+ (51% to 75% of cells stained), and 4+ (≥76% of cells stained). Scores of ≥ 2+ were marked as p53 nuclear accumulation (overexpression); scores of o2+ or weak-intensity nuclear staining regardless of the staining distribution were marked as low expression; and complete absence of expression was marked as negative. Immunoreactivity for CD34 and STAT6 was recorded as negative or positive on the basis of previously described criteria. 39 
TERT Promoter and TP53 Mutation Analysis
Tumor-rich sections containing 450% tumor cell content were selected for each sample. Genomic DNA was extracted from 12-micron slide-mounted formalinfixed paraffin-embedded sections by using the Maxwell 16 FFPE Plus LEV DNA Purification Kit (AS1135, Promega) according to the manufacturer's protocol. Mutations in the TERT promoter region from positions − 47 to − 243 from the ATG start site (HG 19 coordinates, chr5: 1295151-1295347) were identified by direct sequencing. PCR for the TERT promoter was carried out using 5′-AGCGCTGCCTGAAACTCG-3′ as the forward sequencing primer and 5′-CCACGTG GCGGAGGGACT-3′ as the reverse sequencing primer. The PCR reaction was performed in a total volume of 50 μl, using the GoTaq Long PCR Master Mix (M4021, Promega) and 0.2-μM primers. The PCR product was sequenced by Sanger sequencing (ABI Prism 3730XL DNA Analyzer). TERT hotspot mutations were recognized on sequencing electropherograms by using CLC Main Workbench sequence analysis software version 6.0.2 (CLC bio, Cambridge, MA, USA). In addition, mutations in the coding regions of the TP53 gene (exons 2-11) were screened in a subset of samples by direct sequencing, according to the International Agency for Research on Cancer TP53 database (http://p53.iarc.fr), as previously described. 40 
TERT mRNA Expression Analysis
Relative TERT mRNA expression was assessed by real-time quantitative reverse transcription PCR. Total RNA was isolated from the same formalin-fixed paraffin-embedded tumor samples that were used to extract DNA, by using the Maxwell 16 LEV RNA FFPE Purification Kit (Promega, AS1260) according to the manufacturer's protocol. To quantify TERT mRNA expression levels, 2 μg of total RNA from each sample was converted to cDNA by using the SuperScript VILO cDNA Synthesis Kit (Invitrogen, 11754-010). Real-time quantitative reverse transcription PCR was performed in separate groups for extra-thoracic (soft tissue) and thoracic (pleural) solitary fibrous tumors. Real-time quantitative reverse transcription PCR was conducted in triplicate by using the TaqMan Gene Expression Assays and gene-specific primers (Life Technologies) for TERT (Hs00972656_m1) and GAPDH (Hs02758991_g1), a housekeeping gene used as the endogenous standard. TERT expression levels were measured by using GAPDH expression as a reference, and relative quantification was determined by using the ΔΔCt method and log2 transformation.
Statistical Analyses
The Kruskal-Wallis test was used to evaluate the association of TERT promoter mutations with patient age and tumor size. The Fisher's exact test was used to evaluate the association of TERT promoter mutations with site, risk classification, gender, tumor size score, and mitotic rate score. Event-free survival was defined as the time elapsed from diagnosis until death, resistant disease, progressive disease, or relapse observed with surviving event-free patients censored at the date of last follow-up. The Kaplan-Meier method was used to estimate event-free survival, and the log-rank test was used to compare event-free survival according to TERT promoter mutation status. The exact Cochran-Mantel-Haenzel test was used to evaluate the association of TERT promoter mutations with site (thoracic or extra-thoracic) while adjusting for the Demicco risk classification. Cox regression models were used to explore the association of TERT promoter mutations, age, mitotic rate, risk group, and tumor size with event-free survival. The Akaike Information Criterion 41 was used to select the best Cox regression model as predictor of event-free survival. Analyses were performed by using R software (www.r-project.org) version 3.2.2 for Windows.
Results

Clinicopathologic Characteristics
A total of 94 primary solitary fibrous tumors from 50 women and 44 men (age 24 − 88 years (median 60 years)) were studied. Of these, 31 (33%) solitary fibrous tumors arose in the thorax (pleura, lung, or mediastinum) and 63 (67%) solitary fibrous tumors arose at an extra-thoracic soft tissue site (Supplementary Table 1 ). Tumors ranged in size from 1 to 34 cm (median 6.7 cm). Mitotic activity ranged from 0 to 45 mitotic figures per 10 HPFs (median, 3 mitotic figures per 10 HPFs). A subset of tumors was histologically classified further as malignant in 28, atypical in 8, cellular in 5, myxoid in 2, and lipomatous in 4 solitary fibrous tumors. Dedifferentiated areas were identified in 2 tumors (patients S13, S29). Of the 94 solitary fibrous tumors examined, immunohistochemical studies showed STAT6 expression in 86 (91%), CD34 expression in 89 (95%), and ≥ 2+ p53 nuclear expression in 8 and complete absence of p53 expression in 2 solitary fibrous tumors.
As per the proposed risk-stratification model by Demicco et al. 8 46 patients (49%) were stratified in the low-risk group, 28 patients (30%) in the moderaterisk group, and 20 patients (21%) in the high-risk category. Limited treatment data were available for 76 patients. Tumor resection was performed in 75 patients, and radiation and/or chemotherapy (at any point in the disease course) was given to 11 patients. Outcome data were available for 68 patients with a median follow-up of 46 months (interquartile range, 25.5-70 months). At last follow-up, 50 of 68 patients were alive with no evidence of disease, 8 were alive with disease or history of recurrence, 8 were dead of disease, and 2 were dead of other causes (Figure 1 ). Local recurrence occurred in nine and distant metastasis in three patients. Supplementary Table 1 gives details of clinicopathologic features.
TERT Promoter Mutations in Solitary Fibrous Tumor
TERT promoter mutations were identified in 26 of 94 (28%) solitary fibrous tumors (Figure 1 ), including the -124C4T mutation in 23 (88%), the -146C4T mutation in 2 (8%), and the -124C4A mutation in 1 (4%) (Figure 2 Table 1 ). The seven solitary fibrous tumors with low-level p53 expression harbored the wild-type TP53.
Association of TERT Promoter Mutations with Clinicopathologic Characteristics
We explored the association of TERT promoter mutations with clinicopathologic characteristics and outcome. TERT promoter mutations were not associated with gender (P = 0.81; Table 1 ) or tumor site (P = 0.17; Table 1 ). TERT promoter mutations were present in 13 of 31 (42%) thoracic solitary fibrous tumors and 13 of 63 (21%) extra-thoracic soft tissue solitary fibrous tumors (P = 0.048). However, the difference between the prevalence of mutations in thoracic and extra-thoracic solitary fibrous tumors was not statistically significant after adjusting for risk groups (P = 0.248).
TERT promoter mutations were significantly associated with high-risk clinicopathologic characteristics. Patients with TERT promoter mutations were significantly older (P = 0.006, Table 1 ), had larger tumor size (P = 0.000002, Table 1 ), greater tumor size score (P = 0.00003), greater mitotic rate score (P = 0.000013), and were more often classified in the higher risk categories (P = 2.9 × 10 − 9 , Table 1 ) than those with the wild-type TERT promoter.
Effect of TERT Promoter Mutations on Outcome in Patients with Solitary Fibrous Tumor
Outcome data were available for 68 patients. KaplanMeier analysis of event-free survival (Figure 4 ) revealed that patients with TERT promoter mutations had a significantly poorer event-free survival than those with the wild-type TERT promoter (P = 0.0082). An adverse event (relapse, resistant disease, progressive disease, death) occurred in 16 of 68 (24%) patients, 12 patients (75%) with TERT promoter mutations and 4 patients with the wild-type TERT promoter (Figure 1 ). Of the solitary fibrous tumors from four patients with the wild-type TERT promoter who had an adverse event (Table 1) , three were histologically malignant tumors (patients P21, P25, S28) with immunohistochemical evidence of p53 overexpression ( Figure 5 ) and one was a lipomatous solitary fibrous tumor with low-risk clinicopathologic attributes (patient S14; Supplementary Table 1) .
We also analyzed the association of TERT promoter mutations with event-free survival after adjusting for other factors. This analysis fits multiple twopredictor Cox models that use TERT promoter mutation and either age, tumor size, risk group (low-risk vs others), and mitotic rate (mitotic figures per 10 HPFs) as predictors of event-free survival. Of these models, the model using mitotic rate and TERT promoter mutations had the best fit according to the Akaike Information Criterion. In this model, TERT promoter mutation was associated with a 3.43-fold increase in the rate of failure events (P = 0.01) and each unit increase in mitotic rate was associated with a 1.06-fold increase in the rate of failure events (P = 0.0009). Thus, TERT promoter mutation remains an important prognostic factor after accounting for other factors. − 146 bp (1,295,250 ) or another variant mutation was present (Figure 2) . TERT promoter mutations were associated with adverse patient outcome and with larger tumor size, older patient age, and mitotic rate in solitary fibrous tumor.
The difficulty in predicting the likelihood of local recurrence or the risk of distant metastasis in solitary fibrous tumor has prompted the development of several risk-stratification models that are based on a multitude of clinical and pathological parameters. 8, [42] [43] [44] In this study, we used the model proposed by Demicco et al. 8 because it takes into account objective variables that have been shown to be predictive of outcome in independent studies across different anatomic sites. 13 We found that TERT promoter mutations had a strong association with risk categories, and, except in 1 case, they occurred only in patients stratified in the high-and moderate-risk categories (Figure 1) .
The prevalence of TERT promoter mutations in our cohort is slightly higher than that reported for extracranial solitary fibrous tumors in previous studies. 21, 33, 37 TERT promoter mutations were reported in 5 of 34 (15%) extracranial solitary fibrous tumors in the study by Akaike et al. 21 4 of 31 (13%) soft tissue solitary fibrous tumors in the study by Koelsche et al. 33 and 2 of 10 (20%) solitary fibrous tumors in the study by Killela et al. 37 More than 50% of the solitary fibrous tumors in our cohort belonged to the moderate-or high-risk category. Therefore, it is possible that the prevalence of TERT promoter mutations in our cohort is an overestimate. Similar to our results, the TERT promoter mutations identified previously in solitary fibrous tumors were primarily -124C4T mutations. 21, 33, 37 We also demonstrated that TERT promoter mutations correlate with TERT mRNA expression in solitary fibrous tumor. Telomerase activity is a hallmark of cancer cells and essential in driving cellular immortality. The association of TERT promoter mutations with reduced survival in patients with solitary fibrous tumor in our study is consistent with the finding of Akaike et al. 21 that disease-free survival in patients with TERT promoter mutation is lower than that for patients with the wild-type TERT promoter in solitary fibrous tumor. Our findings are also consistent with the effect of these mutations on the prognosis of patients with other tumor types, such as bladder cancer, 45 melanoma, 46,47 brain Event Free Probability tumors, 48 papillary thyroid carcinoma, 49 and the biologically indeterminate spitzoid neoplasms. 38 However, this association of TERT promoter mutations with risk category and/or disease outcome in our study was not seen in some cases. For example, 6 of the 20 solitary fibrous tumors in the high-risk category had no TERT promoter mutation and 3 of which behaved in a clinically malignant fashion (Figure 1) . The small subset of clinically malignant solitary fibrous tumors without TERT promoter mutations in our cohort shared the presence of TP53 mutations. Although the molecular mechanisms underpinning telomere maintenance among this solitary fibrous tumor subset are unknown, it appears that these tumors are under a different set of genetic constraints other than TERT promoter mutations to maintain their telomere length. Moreover, TP53 alterations were associated with pronounced nuclear pleomorphism on light microscopy evaluation and high-level or complete absence of p53 expression in immunohistochemical analysis ( Figure 5 ). Strong expression of the p53 protein suggests the presence of a TP53 missense mutation, whereas complete absence of expression suggests biallelic loss-of-function mutations. 50, 51 Most solitary fibrous tumors in our study showed low levels of p53 expression and no TP53 mutations. In general, TP53 mutations are relatively uncommon in solitary fibrous tumor, but the acquisition of these mutations can contribute to dedifferentiation. 5, 52, 53 In addition, a low-risk lipomatous solitary fibrous tumor in a patient who experienced local recurrence (patient S14) was also negative for TERT promoter mutation, but the margin status of the original resection in this patient was indeterminate. This case is seemingly an outlier in our cohort, but it shows that neither the clinicopathological criteria nor the molecular markers are entirely perfect in predicting outcome.
Real-time quantitative reverse transcription PCR showed undetectable or very low TERT mRNA expression levels in high-risk solitary fibrous tumors with the wild-type TERT promoter ( Figure 6 ). Therefore, it is possible that alternative lengthening of telomeres, a telomerase-independent mechanism, operates in a small fraction of solitary fibrous tumors in the high-risk category. The molecular events governing the maintenance of telomeres in the subset of malignant solitary fibrous tumors with the wildtype TERT promoter remain to be determined. TERT promoter mutations in solitary fibrous tumor STAT6 expression was not detected by immunohistochemistry in several cases, even though the morphologic features of these tumors were consistent with a diagnosis of solitary fibrous tumor. Overall, 91% of the tumors in our study were STAT6 positive ( Figure 1 ). The lack of STAT6 expression in a few cases might be due to the longevity of samples rather than an alternative diagnosis. The NAB2-STAT6 fusion product in solitary fibrous tumor is localized to the nucleus, which can be detected by using an antibody directed against the C terminus of STAT6. This antibody has been proven to be a highly specific and sensitive marker of solitary fibrous tumor. 17, 39, 54 Although the frequency of STAT6 expression in our cohort was slightly below the rate reported in most immunohistochemical studies on solitary fibrous tumor, 17, 39, [55] [56] [57] it is consistent with the results in the series in which older samples were examined. 54 Although certain translocation breakpoints for the NAB2-STAT6 fusion gene have been associated with prognosis in solitary fibrous tumor, the prognostic implications of fusion variants are still controversial. [18] [19] [20] [21] We did not study the fusion type in our study, and it will be interesting to explore the relation of variant fusions with TERT promoter mutations in follow-up investigations. Also, evidence suggests that the effect of TERT promoter mutations on TERT mRNA expression can be modified in the presence of a common single-nucleotide polymorphism rs2853669. 45, 46 In our study, every sample with a TERT promoter mutation was associated with TERT mRNA expression; therefore, the potential influence of the rs2853669 polymorphism was not evaluated. Whether this polymorphism influences TERT expression in the setting of solitary fibrous tumor remains to be addressed in future studies.
Conventional chemotherapy agents have limited efficacy in solitary fibrous tumor. 55, 56 Currently, surgery remains the mainstay of management, 58, 59 and the extent of surgical resection needs to be tailored according to the predicted clinical behavior. The relative unpredictability of the clinical behavior of solitary fibrous tumor can pose a challenge in decision making. Our results suggest that complete resection of solitary fibrous tumors harboring the TERT promoter mutation is critical and closer clinical monitoring and follow-up of such patients is probably warranted.
In conclusion, our data support the predictive value of TERT promoter mutations to identify highrisk patients with solitary fibrous tumor. TERT promoter mutations are the first potential molecular marker of prognosis in solitary fibrous tumor with promising applications in the clinic. The use of TERT promoter mutations in conjunction with existing clinicopathologic risk assessment is expected to improve the accuracy of predicting outcomes in patients with solitary fibrous tumor. The performance of TERT promoter mutations as an ancillary P 1 P 6 P 7 P 9 P 2 P 1 0 P 3 P 1 1 P 5 P 8 P 1 7 P 2 0 P 1 2 P 2 2 P 2 3 P 2 4 P 3 1 P 1 5 P 1 6 P 1 8 P 2 1 P 2 5 P 2 7 P 2 8 P 3 0 P 4 P 1 P 6 P 7 P 9 P 2 P 1 0 P 3 P 1 1 P 5 P 8 P 1 7 P 2 0 P 1 2 P 2 2 P 2 3 P 2 4 P 3 1 P 1 5 P 1 6 P 1 8 P 2 1 P 2 5 P 2 7 P 2 8 predictive marker for risk stratification in the clinic needs to be determined in future large-scale validation studies.
